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In the preceding paper of this series (1) evidence has been presented which 
shows that standard seeds of influenza virus, heated for several days at 37°C., 
resemble in many respects those obtained by serial passage of undiluted infected 
allantoic fluid as described by ,con Magnus (2, 3). Both yielded on passage in 
the chick embryo large quantities of hemagglutinins (HA) but relatively little 
infectious  virus,  provided  they  were  injected  in  sufficient  concentrations. 
Correspondingly, the  ID~0/HA ratios of the yields were  considerably lower 
than those noted in standard preparations of virus. Little or no non-infectious 
hemagglutinins (NIHA) were found when both the "undiluted passage" (UP) 
or heated standard (ST)  seeds were diluted 100- to 1000-fold prior to injection 
and virus material of near standard composition was obtained. However, there 
exist also considerable differences between the two types of seed preparations 
with respect to the progenies they produce. The yields from UP seeds never 
revealed ID~0/I-IA ratios lower than 10  ~, whereas those derived from heated ST 
virus showed ratios as low as 101 . On the other hand, the ratios obtained in the 
first few undiluted passages decreased by as much as 2 log10  unites below those 
of the  seeds used  (2-4),  while the yields of heated  standard virus revealed 
always ratios equal to or greater than those of the inocula (1). This became more 
evident when UP and heated ST seeds were compared on the basis of equal 
IDs0 and HA concentrations. Both yielded similar quantities of HA, but the 
former produced considerably less infectious virus. 
It is the purpose of this report to present data on some of the quantitative 
aspects of passages of standard virus which had been heated at 37°C.  for in- 
creasing periods of time. The results indicate that the inactivated virus in the 
inocula  interferes  with  second  infectious  cycles  but  does  not  significantly 
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affect initiation and completion of the first by the remaining infectious virus. 
The data also suggest that the yield of NIHA does not depend upon simul- 
taneous adsorption by host cells of infectious and inactivated virus but that 
multiple adsorption of the latter alone leads to release of such components from 
the tissues.  The capacity of the seeds to yield NIHA decreases gradually with 
an increase in the period of heating and it cannot be restored by the addition of 
infectious virus. 
Methods and Materials 
The essential technics have been described or referred to in the preceding 
paper (1). 
EXPERIMENTAL 
I. Analysis of the Results of Passages Carried out with Standard Seeds Heated for 
Increasing Periods of Time at 37°C. 
A  number  of  passage  experiments  were  performed  with  standard  seeds 
incubated in vigro at 37°C. for periods up to 8 days with results similar to those 
presented in the preceding paper ((1), Table II). Among these, three have been 
selected for analysis for the following reasons: (a)  the original  standard seeds 
revealed similar infectivity and hemagglutinin levels; (b) the progenies derived 
from the unheated  standard  seeds were closely similar;  (c) the inactivation of 
infectivity of 37°C. proceeded at similar and constant rates (straight line rela- 
tionship); and (d) in each experiment at least 3 preparations heated for differ- 
ent periods of time were passed. The data obtained in these experiments were 
combined and  are presented  graphically  in  Figs.  1 and  2,  which  show the 
concentrations of infectious virus, hemagglutinins and the 1Ds0/HA ratios of 
the 24 hour yields, in relation to the LD60  injected at 2 different HA levels of the 
seeds (10  s .~ and 10  ~.~ HA units, respectively). 
Fig. 1  (10  s  "g HA  Units in the Inocula).wAs far as the infectivity  data are 
concerned,  the levels of non-adsorbed seed virus at the 2 hour interval follow- 
ing infection had not been determined in every instance. On the basis of those 
obtained and of experience gained in other experiments under similar conditions, 
the titers observed per milliliter  were on the average 1.3 log10 units below the 
actual amounts injected. Taking an average of 8 ml. of allantoic fluid per egg, 
it can be calculated that about 60 per cent of the seed virus had disappeared 
and presumably had been adsorbed onto the allantoic membrane.  The non- 
adsorbed seed infectivity level is indicated in the figure by the diagonal broken 
line. As long as the seed contained more than  10  s IDa0, the infectivity in the 
allantoic fluid rose distinctly above the level of non-adsorbed seed virus in the 
24 hr. period following infection. All points obtained could best be fitted to a 
straight  line  showing  a  slope of about 1.0. This indicates that for each ID60 KURT  PAUC~F.~.  AND  WERNER  HENLE  495 
injected a constant amount of infectious virus was produced. The increase over 
the base line corresponded to about 2 log10 units during the 24 hour period. 
If less than 10  a IDa0 were present in the seed; i.e., when the standard virus had 
been heated at 37°C. for more than 5 days, evidence for liberation of infectious 
virus was no longer obtained. The amount measured in that case was less than 
that found 2 hours after infection. In the instances in which only relatively 
small amounts of infectious virus were  injected it  might  be  assumed  that 
maximal infectivity titers had not been reached in 24 hours. However, when 
the experiments were extended to 48 hours increases in titer were seen only on 
occasion and these fell within the limits of accuracy of the  titration technic 
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FT¢. 1. The yields of infectious virus and hemagglutinins per milliliter of allantoic fluid csl- 
lected 24 hours following injection of standard seeds heated at 37°C. in v/4xo for 0 to 6 days 
(I0  s'2  HA units per inoculum). 
used. In most instances the titers decreased presumably as a  result of inacti- 
vation of liberated virus on prolonged incubation at 37°C. If the straight line 
connecting  the  yields of  infectious virus  is  extended  it intersects the ordi- 
nate approximately at the 0.8 mark. Thus, within the indicated limits  each 
IDs0 injected produced about 10  °.8  IDs0 per ml.,  or, on the basis of an aver- 
age of 8 ml. allantoic fluid, a total of 101.7 IDs0. It seems to be apparent then 
that  the infectious virus  in the  seeds was not prevented  from initiating and 
completing  the  first  infectious cycle in  spite  of  the  presence  of increasing 
amounts of inactivated virus  in the inocula on  prolonged heating. However, 
second cycles apparently were prevented by the inactivated seed virus. 
The results of hemagglutination tests showed that with the amount of hemag- 
glutinin present in the seeds (108.~ HA units) the non-adsorbed level, measured 
2 hours after injection, was about 10  ~.' HA units per ml. indicating a  similar 495  PROGENIES  OF  HEATED  INFLUENZA  VIRUS 
degree of adsorption of seed virus as was noted by infectivity titrations. This 
level is shown by the horizontal broken line. Distinct increases in HA titers 
were seen by the 24th hour even when as few as 10  a IDa0 were injected. The 
points obtained in the individual experiments fell on straight lines with slopes 
of only 0.1 to 0.3 and an average of 0.2, in contrast to the slope of 1.0 of the 
IDs0 line. Thus, with a  decrease in the infectivity of the inoculum from  109 
to 108 IDs0 the yields of infectious virus and of hemagglutinins were reduced 
by a  factor of about 1 million and of 10, respectively. When the infectivity 
level in the inocula fell below 10  s IDs0,  the yields of hemagglutinins did no 
longer exceed the threshold level of non-adsorbed seed HA. 
The difference in yields of infectious virus and hemagglutinins are reflected 
in the ID6o/llA  ratios. Since the infectivity of the seeds decreased on heating 
at 37°C. by slightly more than 1 log10 unit per day, whereas the hemagglutinin 
titer, as a rule, remained unaffected, the ID60/HA ratios of the inocula decreased 
in accordance with  the  loss  in  infectious virus  (diagonal dotted  line). The 
ratios of the yields derived from the larger doses of infectious virus corresponded 
closely to those of the seeds. However, since with prolonged heating of the 
seeds (decrease in the IDs0 infected) the HA levels attained decreased gradually 
but the yields of infectious virus were reduced in proportion to the amounts 
injected, the ratios steadily increased above those of the inocula. If less than 
103 IDs0 were present in the seeds the ratio found in the harvest reflects that of 
the non-adsorbed seed virus which had undergone further inactivation at 37°C. 
during the period of incubation. 
Fig. 2 (102.2 HA Units in the Inocula).--When  the heated seeds were diluted 
10-fold  prior to passage the results were principally similar to those shown 
in Fig. 1. The IDs0  titers observed in  24 hours again fell reasonably well on 
a  straight line as long as the seed contained 10  s IDa0 or more, but the slope 
was less steep; i.e., 0.8 instead of 1.0. Thus the yield of infectious virus per 
IDs0  injected  increased  slightly but  progressively with  prolongation of  the 
exposure of the seed to 37°C. It would appear then that the capacity of the 
inactivated virus in the inoculum to interfere with the 2nd infectious cycle 
decreased with an increase in the time of heating. The yields of hemagglutinins 
were practically the same as those shown in Fig. 1, except that increases could 
be measured even after injection of less than 103 IDa0 since the level of non- 
adsorbed seed HA was lower in correspondence with the dilution of the inocula. 
Within a  seed infectivity range of from 109 to  10  a ID59 the yields fell on a 
straight line, but with smaller doses they decreased  rapidly.  In  accordance 
with the proportionally greater production of infectious virus the  ID~0/HA 
ratios of the yields increased somewhat more readily above those of the seeds 
than was seen with the undiluted preparations. 
With only 101'2 HA units in the inocula the yields of infectious virus in- 
creased considerably and did not fall below 10  T IDs0/ml. even when only 25 KURT  PAUCKER  AND  WERNER  HENLE  497 
to 100 IDso were injected. The HA titers attained with these latter seeds were 
relatively low, possibly because maximal titers had not as yet been reached at 
24 hours. The fields under these conditions showed nearly standard ID60/HA 
ratios. 
In one other experiment,  the "standard" virus yielded on passage a progeny 
with a rather low IDs0/HA ratio• This preparation seemed to correspond, there- 
fore, more closely to an undiluted passage  seed of the yon Magnus type. On 
heating and passage  results were obtained which were principally similar  to 
those recorded in Fig. 1, except that the yields of infectious virus and the IDs0/ 
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FIG. 2. The yields of infectious virus and hemagglutlnins per milliliter of allantoic fluid col- 
lected 24 hours following injection of standard seeds heated at 37°C. in vitro for 0 to 6 days 
(102"~ HA units per inoculum). 
HA ratios of the progenies were all proportionally lower at given seed infectiv- 
ity levels than those obtained in the above experiments. 
H. Attempts to Restore tke Capacity to Yield NIHA to Heat-Inactivated Seeds by 
the Addition of Infectious  Virus 
The experiments  presented thus far have shown  that detectable levels of 
NIHA were found in the harvests when the seeds contained 10  ~-~ or more HA 
units but as little as 108 IDs0. This suggested that the field of NIHA did not 
depend entirely on simultaneous adsorption by individual host cells of infec- 
tious and inactivated virus, but that multiple adsorption of only the latter could 
lead to the appearance of this component in the harvest. Furthermore, the 
data indicated that the capacity to yield NIHA was  gradually reduced  on 
prolonged  heating of the seeds. In that case addition of infectious virus to a 
standard seed which had been heated at 37°C. for more than 6 days should not 498  PROGENIES  O1¢  HEATED  IlqlCLUENZA VIRUS 
result in an increased yield of NIHA on passage of the mixture. In accordance 
with this thought, the following experiment was carried out. 
A standard virus preparation was heated at 37°C. for 8 days. The infectivity decreased to 
about 102 ID60 per ml., whereas the HA titer remained unchanged (10  s.~ per mL). This allan- 
toic fluid was used as diluent for a freshly prepared standard  seed which contained 10  s.s IDs0 
and 10  s'~ HA units per nd.  (IDs0/HA ratio 10o's). After an initial  dilution of 1:2, further 
dilutions were made in 0.5 log10  steps. Groups of 5 to 10 11-day-old chick embryos each were 
inoculated with 0.5 cal. of one of the mixtures. Thus, all inocula contained 10  a'2 HA units but 
decreasing amounts of infectious virus. Other groups of embryos were injected with the same 
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Fzo. 3. The yidds of infectious virus and hemagglutin;ns obtained 24 hours following in- 
jection of mixtures of a standard seed heated at 37°C. for 8 days (diluent) and infectious virus 
in decreasing concentrations. (10  s'2 and 102"~ HA units per inoculum, respectively.) 
mixtures in dilutions 10  -1, tO  -z, and 10"4; i.e., the inocula in the 3 series contained then 10  ~"~, 
10  Ls, and 100.2  HA units, respectively. Comparable dilutions in broth of the standard virus as 
well as of the heated seed were injected into additional groups of embryos as controls. AUantoic 
fluid was collected from the injected eggs of all groups after 24 hours of incubation and assayed 
for infectivity and hemagglutinating activity. Harvests were also made after 2 hours of incu- 
bation from all the groups injected with 10  a'2 HA units and from one of the dilution series, in 
order to determine the base line levels of non-adsorbed virus. 
The results obtained with 2 of the series (10. .2 and 10. .2 HA units per inoc- 
ulum) are shown in Fig. 3, in which the yields were plotted against the number 
of ID60 injected. Comparison of the left chart with Fig. 1 and of the right one 
with Fig. 2, reveals immediately considerable differences.  Following injection 
of 10' .~ HA units the yields of infectious virus did not fit smoothly to a straight 
line.  Although  the  aberrant  points  fell  within  the  limits  of accuracy of the 
titration  technic, they may possibly find other explanations  (see below). The KURT  PAUCKER  AND  WERNER  HENLE  499 
line as drawn has a slope of about 0.8, indicating that the production of infec- 
tious virus was not entirely restricted to one infectious cycle, or, in other words, 
that  after 8 days of heating at 37°C.  some of the interfering  capacity (with 
second or later cycles) had been lost. This became more evident on dilution of 
the  mixed  seeds.  The  yields of infectious virus  following  injection  of  10  ~-2 
HA units fell on a line with a slope of 0.6; with 101.2 and 10  °-~ seed HA units 
(not  shown)  the  slopes were 0.3  and  0.0,  respectively. As to  the results  of 
hemagglutination  tests, it is seen in both charts  that  with the higher  infec- 
tivities of the seeds near maximal  yields were obtained, but when the ID~o 
content of the inocula fell below a given level the titers in the harvests decreased 
in parallel with those of infectious virus, in contrast to the data presented in 
Figs. 1 and 2. The ID60/HA ratios of the yields were near standard when the 
seed  mixtures  contained  the  highest  possible  concentration  of  infectious 
virus. With a decrease in seed ID60 and a corresponding proportional increase 
of heated virus the ratio fell slightly but then remained on that lower level. 
Thus, relatively little NIHA was produced under the conditions of this experi- 
ment and the amounts found represented a constant proportion of the harvests. 
These results indicate that  the capacity to yield NIHA is largely lost by 
and could not be restored to virus which had been heated for a long period of 
time  in  agreement  with  the  considerations  presented  as  an  introduction  to 
this section. However, after such long exposure to heat the interfering capacity 
with second cycles is still  marked, although no longer complete. 
DISCUSSION 
In  reviewing the data it is obvious that  heating  of standard  seeds of in- 
fluenza  virus at 37°C.  for increasing  periods of time affects at  considerably 
greater rates the quantity of infectious virus that  can be derived therefrom 
upon passage in low dilutions than the yields of hemagglutinins.  In accordance, 
the IDs0/HA ratios of the harvests show a continuous and rapid decline, Thus, 
with  an  increase in  the period of heating  of the seed, the harvests  contain 
increasingly  greater  proportions  of  non-infectious  hemagglutlnins  but  the 
total  obtained  ultimately  decreases  below  the  level  of detectability.  The 
capacity to yield non-infectious hemagglutinins  cannot  be restored to  seeds 
which had been heated at 37°C. for 8 days by the addition of infectious virus. 
These results would seem to denote a certain independence of infectious virus 
production and the capacity to yield NIHA. 
Yields of Infectious  Virus.~The undiluted inocula used contained approxi- 
mately  10  s.2 HA units or the equivalent of 109.7 IDs0 based on an  average 
ID~0/HA ratio  of 106.5 for standard  virus.  The  available evidence suggests 
that one ID60 represents more than one infectious virus particle (5-7). Recent 
analyses,  employing  electron  microscopy,  indicated  that  it  corresponds  to 
ten elementary bodies (8)  but the conditions under which these counts were 500  PROGENIES  O~"  HEATED  INI~'LUENZA  VIRUS 
made did not preclude  the presence  of some non-infectious  virus particles. 
With a  more sensitive hemagglutination technic, Horsfall (9) observed that in 
optimally prepared seeds the ratio between hemagglutinating particles and in- 
fectious doses was dose to unity. The number of entodermal cells has been 
estimated by various approaches  to be of the order of 10  s (of.  reference 6). Re- 
cent determinations in 10-day-old chick embryos revealed  that this figure is 
high and that it is nearer 107 .4 (10). Previous reports indicate that between 50 
and 95 per cent of the seed virus becomes adsorbed onto the allantoic cells (11- 
14). On the basis of these data injection of 10  s .~ HA units would permit every 
cell to adsorb between 10 and 100 virus particles. After heating at 37°C. for 4 
to 5 days such an inoculum contains less  than one infectious  virus particle 
among 100,000 and thus every cell would  adsorb  numerous heat-inactivated 
particles,  but relatively few would have the opportunity to adsorb in addition 
infectious virus.  Yet  infectious  virus  was  produced,  and  the  vast  excess 
of inactivated virus particles in the heated inocula renders  it rather unlikely 
that the infectious progeny was derived from cells which had adsorbed only 
infectious virus. Furthermore, within a dosage range from 109 to 108 IDs0 a simi- 
lar quantity of infectious virus was liberated per IDso injected (approximately 
10  la ID69), regardless  of increasing  proportions of inactivated virus in  the 
inocula. Thus, for an average adsorption of 60 per cent of the seed virus onto 
the entoderrnal  cells it can be calculated that about 85 IDs0 were liberated for 
every IDs0 absorbed.  This value agrees with previous estimates of yields (15, 
6), but it does not reflect the total possible production of infectious virus in one 
cell since (s)  some inactivation of liberated virus is expected to occur during 
the incubation period in oso at 37°C. (1, 9); and (b) infectious cycles are not 
completed in a 24 hour period (16). The data imply, however, that initiation of 
the first cycle by the residual infectious virus in the seed was not prevented nor 
was propagation inhibited and, thus, they fail to reveal evidence for induction 
of significant immeJ/ate interference by the heat-inactivated virus in the inocu- 
lure. On the other hand, the infectious process apparently was limited to the 
cells which had adsorbed infectious seed virus and the progeny released there- 
from was prevented from initiating second infectious cycles in those cells which 
had adsorbed only inactivated virus. Thus, at this stage interference  became 
evident. This conclusion is supported by the fact that interference  by virus 
inactivated at 56°C. is established  to its full extent only 12 or more hours fol- 
lowing its injection (17). 
The apparent decreases in the relative yields of infectious virus when the 
ID69 concentrations in the seeds had fallen below 108 do not fit this interpreta- 
tion. No satisfactory explanation of these  results can be offered at present. 
When the various heated seed preparations were diluted 10-fold prior to passage 
essentially similar results were obtained as with the undiluted inocula, although 
the yields of infectious virus per ID59 injected increased somewhat  with pro- KURT  PAUCKER  AND  WERI~ER  HENLE  501 
longation of heating of the inocula. It appears that a slight but progressive loss 
in interfering activity on prolonged exposure to 37°C. becomes detectable upon 
dilution of the various seeds; i.e., increasingly more cells remain available for 
the initiation of second infectious cycles by the progeny of the first. 
The results obtained on passage of mixtures in varying proportions of stand- 
ard seed and virus heated at 370C. for 8 days were in essential  agreement with 
this interpretation. There was no immediate interference but further spread of 
the infectious process was largely, but not  completely prevented.  Reference 
has  been made  in  the  text  to  the  apparent  irregularities  in  the infectivity 
assays of the yields (Fig. 3) which cast some doubt on the existence of a straight 
line relationship.  It would seem also possible to divide the yields into three sec- 
tions: In the order of diminishing  numbers of IDa0 injected (a) the yields first 
decline  rather steeply, which may be fitted to a  straight line  with a  slope of 
1.0; (b) the following several points seem to fall on a horizontal line; and, finally, 
(¢) the titers decrease again sharply. The horizontal position may be explained 
by the assumption that inactivation of the heated portion of the seed had pro- 
ceeded to a point at which the interfering activity was reduced and thus a pro- 
portion of the ceils remained available for second or further cycles. Section (a) 
would then represent mainly first cycle yields; section (b) would denote maximal 
yields which could be derived from the initially infected ceils and those which 
remained available for second cycles; in section (c) either the level of (b) had 
not been reached during the experimental period or a greater degree of inter- 
ference had developed by the time third infectious cycles were to be initiated. 
These considerations suggest new approaches to the study of the quantitative 
and temporal relationships of interference.  However, whether this interpreta- 
tion of the data or the straight line relationship presented in Fig. 3 is correct, 
the same conclusions appear to be justified; i.e., with prolonged heating at 37°C. 
some of the interfering activity of the inactivated virus with second infectious 
cycles is gradually lost. 
Yields  of llemagglutinins.--As  has  been pointed out the yields of hemag- 
glutinins  are much less affected by heating of standard seeds at 37oc. than those 
of infectious virus. Whereas the infectious progeny after passage in low dilution 
decreased in direct proportion to the infectious virus remaining in the inocula, 
no such direct relationship  was seen with respect to hemagglutinins.  With a 
reduction in seed IDa0 from about 109 to IOS, the yields of infectious virus were 
reduced over a million times, but those of HA units only about 10-fold. Thus, 
progressively less of the HA found in the harvests could be accounted for by 
the infectious virus produced. Taking an YD~0/HA value of 106.5 as basis for 
calculations,  the  HA  titer  of  the  infectious progeny  would  not  have  been 
measurable as an addition to the non-adsorbed seed HA level when the inocu- 
lure contained 10  s If)50, and would barely have reached the level of the sensi- 
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when 106 IDs0 were injected. Yet, under these two conditions about 10 and 
1000 times the number of HA units were obtained, respectively, and, when the 
infectivity of the seed had been reduced to 108 IDs0, the discrepancy increased 
to a factor of 100,000. Obviously such quantities of non-infectious hemagglu- 
tinin  (NIHA) cannot represent complete virus which had been liberated and 
inactivated during the 24 hour incubation period in ovo, since the rate of inac- 
tivation at 37°C. for the line of virus used amounted to only 1.1 loga0 units per 
day (1). 
The question arises whether this NIHA is produced anew or whether it rep- 
resents seed HA shed from the cells after adsorption, either/n  toto or broken 
up into smaller  components. There are a number of points against the latter 
view. (a) No hemagglutinin is detectable in the allantoic membranes up to 3 
or 4 hours after adsorption (2, 11, 12, 18). In that case one might assume that 
the seed virus is bound firmly to cellular  constituents and thus is prevented 
from reacting with red cells. Treatment  of such membrane suspensions  with 
RDE does not free the virus components from such assumed bondage (13, 19). 
However, it is conceivable that the virus particle or components of it become 
free by other means. (b) Injection of virus inactivated by ultraviolet light or 
heating at 56°C. to the point when no, or little, infectivity is left does not yield 
detectable increases  in  hemagglutinlns  in  the  allantoic  membranes  (19)  or 
fluids (19-21) or in the medium of deembryonated eggs (22). Under these con- 
ditions inactivation may progress too far so that release of the virus partides 
or their breakdown no longer can be achieved. (c) If such release or breakdown 
of adsorbed virus were possible only if the inocula had been inactivated by 
milder  means,  as in  the  experiments presented,  one should  expect that  the 
yields of hemagglutinins  would be dependent upon the amount of virus in- 
jected. Yet, similar  quantities were obtained in the harvests following inocu- 
lation of undiluted or 10-fold diluted seeds, except when the period of heating 
exceeded 4 or 5 days (1) at which time the capacity to yield NIHA decreased 
rapidly. (d) A breakdown of the seed virus into smaller hemagglutinating units 
seems to be excluded also by the following observations and calculations. The 
harvests derived from inocula which had been heated for several days consist 
almost entirely of NIHA. When l& .~ HA units were injected the total yields 
of this component (titer X  volume of allantoic fluid)  amounted to l0  s.7 units 
or more;/.e., a  30-fold or greater increase in activity was noted. If these calcu- 
lations were restricted to the seed virus actually adsorbed onto the cells, the 
increase  would be nearly 100-fold. Since agglutination by intact virus can be 
detected when the number of virus particles nearly equals that of the red cells 
(5, 6, 8, 9, 23, 24) its efficiency per se cannot be improved. The seed virus would 
have to disintegrate, therefore, into 30 or 100 smaller units, respectively, if the 
NIHA obtained in  the above experiments  represented  breakdown products. 
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mentable by centrifugal  forces than the intact virus. Preliminary experiments 
failed to reveal differences in sedimentation of suflident magnitude. The same 
question has been raised with respect to the nature of NH-IA derived from serial 
passages of undiluted infected allantoic fluids (2, 3) or from injection of non- 
neurotropic strains of influenza virus in the CNS of mice (25). The dominant 
components present in undiluted passage  materials revealed  somewhat  lower 
sedimentation constants than that of standard virus (26). Such differences were 
not  apparent  when  the  NLI-IA component derived  from mouse  brain  was 
sedimented in the presence  of sucrose gradients (25). Furthermore, dectron 
microscopic examination of NIHA derived from these two sources revealed 
no small particles but rather large, flat and pleomorphic structures with granu- 
lar  surfaces  and reduced density (24). Particle  counts indicated that  their 
ability to agglutinate red cells was equal  to that of standard virus particles 
(8, 24). 
It is apparent then that there is no evidence available at present which would 
support the view that the NIHA found in the yields represents  seed virus in 
some form. On the contrary, some of the points listed above favor rather the 
other alternative; i.e.,  that the component is actually produced in conjunction 
with the entodermal cells. This is further indicated by the growth curve ex- 
periments presented  in  the  preceding  paper  (1)  which  showed  that NIHA 
appeared in the tissues and was liberated therefrom as soon as any virus activ- 
ity became detectable. Furthermore, once maximal liberation had been estab- 
lished, infectious virus and NIHA were released at nearly constant rates and in 
given proportions for extended periods of time. In this respect it is of interest 
to note that NIHA was obtained upon infection of tissue  cultures of human 
cancer cells, strain HeLa (27). If derived from cells grown in the presence of t m, 
the component revealed  considerable radioactivity. However,  NIHA released 
from non-radioactive  cells failed to adsorb free Pa or labelled HeI~ cell com- 
ponents in vitro. These  observations  afford strong evidence that the NIHA is 
produced in these cells. Corresponding  experiments  with heated seeds in the 
chick embryo have not as yet been carried out. 
In considering the aspects of NIHA production in entodermal cells following 
injection of heated seeds one might assume that these components are derived 
from those cells which have adsorbed  both inactivated and infectious  virus 
particles.  However, it has been pointed out above that under these conditions 
infectious  virus is produced  in apparently undiminished  or only slightly re- 
duced quantities. Whether these cells would be capable of yielding in addition 
appreciable  amounts of NIHA may be questioned.  Furthermore, since detect- 
able amounts of NIHA were produced also when the seed contained as little as 
102 or 102 IDs0, the cells able to adsorb  infectious virus would seem to be too 
small in number to produce such large quantities of the component. Considera- 
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tious virus liberated in the first. There is also no evidence available to indicate 
that the rate of NIHA production increases in the course of the incubation 
period. On the contrary, once maximal liberation has been established, usually 
within 8 to 10 hours, release of NIHA continues at a nearly constant rate (1). 
It must be assumed  then that adsorption of inactivated virus alone in some 
way may lead to liberation  of NIHA. It seems unlikely that adsorption of a 
single heat-inactivated virus particle per cell would lead to this result.  Upon 
100-fold dilution of the seeds, as a rule, little or no NIHA was obtained and the 
residual infectious virus in the inocula produced near standard progenies. Di- 
lutions which  excluded  infectious  virus failed  to  yield any hemagglutinins. 
However, under these conditions, none could be expected in the harvests, if the 
process were restricted to one cycle. These considerations make it appear likely 
that NIHA production is dependent on multiple adsorption of heat-inactivated 
virus.  Moreover,  similar  yields of NIHA were  derived  from undiluted and 
10-fold diluted seeds which had been incubated at 37°C. for periods of up to 4 
or 5 days, but with longer  exposure the 10-fold diluted inocula yielded less. 
Thus, it would appear that following prolonged heating increasingly more inac- 
tivated virus particles are required per ceil in order to yield NIHA. This problem 
obviously requires further study. 
It has been  pointed out that undiluted passage  seeds do not behave like 
heated standard seeds in every respect  (1). This is again apparent when  Figs. 
1 and 2 are compared with Fig. 4 of paper X  of this series (4). As has been 
discussed, the yields of infectious virus were directly related to the IDa0 present 
in the undiluted heated seeds, and a  straight-line  relationship  was seen on 
plotting of the data using logarithmic scales. The corresponding data obtained 
with undiluted passage seeds fell on a trough-shaped  curve on account of the 
fact that the yields of infectious virus per IDs0 inoculated decreased consider- 
ably when allantoic fluid of the 1st or 2nd passage were employed as inocula. 
Under these conditions IDs0 production was reduced even in the initial infec- 
tious cycle. The progeny of heated seeds on the other hand may well be com- 
parable to that of undiluted passage virus (1). 
SUMMARY 
An experimental analysis is here presented of the conditions that lead to the 
appearance  of non-infectious hemagglutinins (NIHA) in the allantoic fluid of 
chick embryos injected with standard influenza virus (PR8 strain) which had 
been exposed to 37°C. i, vitro for various periods of time. 
On progressive  reduction of the infectivity of the undiluted inocula  from 
about 109 to 10  ~ IDs0 (103 '~ HA units) the yields of infectious virus in 24 hours 
decreased in straight correspondence 1 millionfold, but those of hemagglutinins 
only by a factor of 10. Thus the proportions  of NIHA in the yields increased 
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The quantities of infectious virus produced per IDs0 injected were the same 
throughout  this range; i.e., between 50 and  100 ID,,  regardless of increasing 
proportions of heat-inactivated  virus in the seeds. This value agrees with pre- 
vious estimates of yields under other conditions. Thus, initiation  and comple- 
tion of first cycles by the infectious virus remaining  in the inocula were not, 
or at most, slightly inhibited. The inactivated virus, therefore, failed to estab- 
lish immediate interference. It was capable, however, of holding the infectious 
process  to  one  cycle.  Upon  10-fold  dilution  of  the  seeds  essentially  similar 
results were obtained except that a slight loss in interfering activity could now 
be detected with an increase in exposure to 37°C. With further dilutions little 
or no interference was noted. 
The capacity to yield NIHA decreased slowly during exposure of the seeds 
to 37°C. over a period of 5 days, thereafter more rapidly. It could not be re- 
stored by addition of infectious virus. Furthermore,  since NIHA was obtained 
when the seeds contained as little as 102 or 108 ID60, it is unlikely that it was 
derived from those cells which had  adsorbed both infectious and inactivated 
seed virus. It is suggestive that multiple  adsorption of inactivated virus par- 
tides per se will yield NIHA. The available information,  as discussed, favors 
the view that  the NIHA does not represent  seed virus in  some form but is 
newly produced. 
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